K fc in a concentration-dependent manner within 5 min. The permeability response was reversed within 5 min after repletion of Ca 2ϩ . An anti-VE-cadherin monoclonal antibody against epitopes responsible for homotypic adhesion augmented the increase in K fc induced by Ca 2ϩ chelation and prevented reversal of the response. We conclude that the disassembled VE-cadherins in endothelial cells are mobilized at the junctional plasmalemmal membrane such that VEcadherins can rapidly form adhesive contact and restore microvessel permeability by reannealing the adherens junctions. vascular endothelial-cadherin; homotypic adhesion; vascular permeability; ethylenediaminetetraacetic acid; isolated lungs; mouse THE ENDOTHELIUM IS THE PRINCIPAL BARRIER to transvascular movement of proteins and circulating cells. Endothelial barrier function is highly dependent on specific adhesive molecules in interendothelial junctions and on the contractile state of the endothelial cells, which have the capacity to retract and subsequently form interendothelial gaps (9, (19) (20) (21) 31) . Permeability-increasing agents such as thrombin and histamine can increase formation of interendothelial gaps by inducing an endothelial contractile force directed at interendothelial junctions and decreasing intercellular adhesive forces (1, 11, 22, 32) . The opening of interendothelial gaps occurs in part by the loss of integrity of the adherens junction complex. These junctions normally serve to maintain the semipermeable microvascular barrier and thus control the passage of liquid and solutes across the vessel wall. Although several interendothelial junctional structures may participate in the maintenance of the endothelial barrier (e.g., tight junctions and gap junctions), adherens junctions are particularly important because their function can be modulated by external stimuli (2, 6, 17, 24, 29) . Studies have shown that integrity of the adherens junctions depends on extracellular Ca 2ϩ , with a concentration of Ͼ1 mM required to maintain homotypic adhesion of VE-cadherin pairs and thus a restrictive endothelial barrier (7, 18, 26) . A reduction in perfusate Ca 2ϩ and Mg 2ϩ concentrations increased pulmonary vascular permeability and resulted in pulmonary edema (13, 15) . Chelation of extracellular Ca 2ϩ with EDTA was also accompanied by increased endothelial permeability in cultured endothelial monolayers in a time frame required for VE-cadherin redistribution (16, 25) . VEcadherins localized in the adherens junctions are the main endothelial adhesion proteins regulating cell-cell interactions and permeability of the microvascular endothelial barrier (6, 8, 20) . VE-cadherins are members of a multiple gene family of cell adhesion molecules with a single-membrane-spanning domain and Ca 2ϩ -dependent homophilic binding specificity (7, 12, 28) . Although evidence suggests a role for VE-cadherins in regulating permeability of cultured endothelial monolayers, little is known about their function in intact microvessels. That VE-cadherin may play an important role in the microcirculation is evident in studies showing increased permeability of the microvessels of heart and lungs after treatment with the anti-VEcadherin monoclonal antibody (MAb) VB-13 (5). Although the VE-cadherin-catenin complex can be disrupted subsequent to loss of homophilic adhesion, the question of reestablishing the junctional integrity is an important one for defining the physiological relevance of cadherin junctions in regulating endothelial barrier function. It remains unclear whether loss of the VEcadherin interaction is a rapidly reversible phenomenon. Hence, in the present study, we addressed the role of VE-cadherin-cadherin interaction in regulating junctional permeability and studied the reversibility of the microvessel permeability response in the intact mouse lung.
METHODS

Ex Vivo Experimental Procedures
Lung preparation. According to the approved protocol of the University of Illinois (Chicago, IL) Animal Care Committee, CD-1 male mice (n ϭ 76) weighing 30-35 g were placed in an anesthesia chamber and anesthetized with 3% halothane in room air at a flow rate of 2 l/m. After induction, anesthesia was continued by means of a nose cone. The trachea was cannulated with a polyethylene tube (PE-60; Becton Dickinson, Parsippany, NJ) for constant positivepressure ventilation (rate of 186 breaths/min) with the anesthetic gas mixture. Heparin (50 U) was injected into the jugular vein to prevent blood clotting. The abdominal cavity was opened to expose the diaphragm that was ventrally punctured and cut free from the rib cage. Then, a thoracotomy was performed, and the two halves of the rib cage were retracted to expose the heart and lungs. To make the pulmonary artery accessible for cannulation, the heart was caudally retracted with a silk suture (6-0; Ethicon, Somerville, NJ) through the apical musculature. An incision was made in the right ventricle at the base of the pulmonary artery for the introduction of an arterial cannula, and another incision was made in the left atrium for drainage of venous effluent. In some preparations, a left atrial catheter was inserted. A polyethylene cannula (PE-60) was advanced into the pulmonary artery via the pulmonic valve and secured by means of a suture around the pulmonary artery that included the aorta. The lungs were perfused in situ with a peristaltic pump. The anesthetic gas flow was terminated when perfusion was begun, and ventilation was continued with room air. The heart and exsanguinated lungs were rapidly excised and transferred en bloc to a perfusion apparatus where lung preparations were suspended from a 6-cm Perspex lever arm attached to a force displacement transducer (FT03, AstroMed, West Warwick, RI). The isolated lungs were ventilated (186 breaths/min) and perfused at a constant flow (2 ml/min), temperature (37°C), and venous pressure (0 cmH 2 O) with a modified Krebs-Henseleit solution (composition in mM: 118 NaCl, 4.7 KCl, 1.0 CaCl 2 , 0.5 MgCl 2 , 4.43 HEPES sodium, 5.57 HEPES, 3 NaHCO 3 , 11 glucose, and 0.025 EDTA, pH 7.4) supplemented with 5 g/100 ml of bovine serum albumin (BSA; fraction V, 99% pure, endotoxin free; Sigma-Aldrich, St. Louis, MO). Pulmonary arterial pressure was monitored throughout the experiment with a Gould pressure transducer (model P23ID, Gould Instruments, Dayton, OH). Lung wet weight was electronically nulled when the tissue was mounted, and subsequent weight changes due to gain or loss of fluid from the lung were recorded. Lung weight and arterial pressure recordings were displayed on a computer video monitor with the aid of amplifiers (model CP122, Astro-Med), an analog-to-digital converter (DAS 1800ST board; Keithly Metabyte, Solon, OH), and commercial software for acquisition and logging of data (Notebook Pro for Windows, Labtech, Andover, MA). All lung preparations underwent a 20-min equilibration perfusion. Lungs that were not isogravimetric at the end of the equilibration period were discarded.
Capillary filtration coefficient measurement. The capillary filtration coefficient (K fc ) was measured to determine pulmonary microvascular permeability to liquid. Briefly, after the standard 20-min equilibration perfusion, the outflow pressure was rapidly elevated by 8 cmH 2 O for 3 min. The lung wet weight changed in a ramplike fashion, reflecting net fluid extravasation. At the end of each experiment, the lungs were dissected free of nonpulmonary tissue, and lung dry weight was determined. K fc was calculated from the slope of the recorded weight change normalized to the pressure change and the lung dry weight. The wet-to-dry weight ratio in six freshly isolated (nonperfused) mouse lungs was 6.04 Ϯ 0. 4 125 I-labeled BSA (ϳ2,000,000 counts/ml) was infused at 0.2 ml/min (model sp100i syringe pump, World Precision Instruments, Sarasota, FL) into the pulmonary artery for 3 min. A sample of the venous effluent was saved for later determination of the perfusate tracer concentration (in counts/ml). Vascular tracer was removed during a 6-min washout period with unlabeled albumin-Krebs solution as previously described (27) . Then, the lung tissue and the previously collected venous effluent sample were counted for 125 I in a gamma counter (Minaxi Auto Gamma 5000 series gamma counter, Packard Instruments, Downers Grove, IL). The lung tissue was dried to a constant weight in an oven at 80°C. The 125 I-albumin permeability-surface area (PS) product was calculated from A/(C ϫ t), where A is measured tissue counts per gram of dry lung tissue, t is duration of exposure to tracer BSA (in min), and C is concentration of 125 I-BSA in the perfusing liquid (14) .
Histochemistry. ANTIBODIES. Rat anti-mouse MAb against VE-cadherin (clone 11D4.1) was purchased from RDI Research Diagnostics (Flanders, NJ). Rabbit anti-human von Willebrand factor polyclonal antibody (Ab) was purchased from Sigma-Aldrich. Texas Red dye-conjugated AffiniPure F(abЈ) 2 fragment donkey anti-rat IgG (HϩL) was purchased from Jackson ImmunoResearch (West Grove, PA). Alexa 488 goat anti-rabbit IgG was purchased from Molecular Probes (Eugene, OR).
FROZEN SECTIONS. After detachment from the perfusion apparatus, lung tissues were immediately treated with optimum cutting temperature embedding compound (Miles Diagnostics, Elkhart, IN) and frozen in a small vessel containing 2-methylbutane (liquid isopentane) precooled to about Ϫ70°C in liquid nitrogen. Sections were cut at 7 m and then double stained with anti-VE-cadherin MAb and anti-von Willebrand factor Ab according to the following protocol. Sections were fixed in methanol (HPLC grade) for 10 min at Ϫ20°C. A blocking solution of 2% BSA and 5% goat serum in PBS was applied for 20 min followed by rinsing three times for 5 min each in PBS. The primary Abs, anti-VE-cadherin MAb (clone 11D4.1, diluted 1:600 in blocking solution) and anti-von Willebrand factor Ab (factor VIII, diluted 1:1,600 in blocking solution), were applied for 1 h at room temperature. Sections were rinsed three times for 5 min each in PBS and then incubated for 45 min with Texas Red-labeled anti-rat secondary Ab (1:200 dilution) or Alexa 488-labeled anti-rabbit secondary Ab (1:500 dilution) in blocking solution. The slides were then washed three times for 5 min each and mounted on glass coverslips for examination by confocal microscopy. Nonspecific immunofluorescence of the secondary Abs used was determined by substituting rat IgG or rabbit IgG for the primary Abs and then staining the sections with the secondary Ab.
CONFOCAL MICROSCOPY. A laser (Ar-Kr)-scanning confocal microscope (Zeiss LSM 510) was used for viewing fluorescence of mouse lung sections in chosen optical planes. The section plane was advanced in 0.2-m increments through the specimen. At each optical plane, the specimen was scanned at 488 nm to excite FITC and/or at 568 nm to excite Texas Red.
In Vitro Experimental Procedures
Endothelial cell cultures. Confluent monolayers of human endothelial cells from the umbilical vein (HUVECs) were obtained from VEC Technologies (Rensselaer, NY). The cells were grown in EBM-2 medium supplemented with 10% fetal bovine serum. HUVECs passaged between three and seven times were used for all experiments.
Endothelial monolayer resistance measurements. Experiments were carried out according to previously detailed procedures (30) . Briefly, HUVECs were seeded on gelatin-coated gold electrodes (4.9 ϫ 10 Ϫ4 cm 2 ) and grown to confluence. The small electrode and a larger counterelectrode were connected to a phase-sensitive lock-in amplifier. A constant current (ϳ1 A) was supplied by connecting a sinusoidal voltage source (1 V, 4,000 Hz) to a 1-M⍀ resistor in series with the small electrode and the larger counterelectrode. The resulting voltage that developed between the small electrode and larger counterelectrode was acquired continuously with a personal computer and used to calculate monolayer resistance values on-line. The same computer also controlled the output of the amplifier and switched the measurement to different electrodes during the course of an experiment. Before the experiments, confluent endothelial monolayers were incubated in DMEM containing 10 mM HEPES, pH 7.4, for 0.5 h, and then the EDTA-induced changes in resistance of the endothelial monolayer were measured. The data are presented as a change in resistance normalized to its value at time 0 as previously described (10) .
VE-cadherin immunostaining of endothelial monolayers. Endothelial cells were grown to confluence on glass coverslips coated with 0.1% gelatin. The cells were washed twice with Hanks' balanced salt solution (HBSS) and fixed with 4% paraformaldehyde in HBSS for 20 min at 25°C. The cells were then washed three times with 0.1 M glycine in HBSS for 5 min and three times with HBSS for 10 min followed by incubation with blocking buffer (HBSS containing 5% goat serum, 0.2% BSA, 0.01% sodium azide, and 0.1% Triton X-100) at 25°C for 1 h. The blocking buffer was removed, and the cells were incubated at 25°C for 2 h with 2 g/ml of mouse anti-VE-cadherin MAb in blocking buffer. After incubation, the cells were washed three times with HBSS and incubated with Alexa 488 goat anti-mouse IgG in blocking buffer at 25°C for 1 h. The cells were then washed three times with HBSS. The coverslips were mounted onto glass slides containing ProLong Antifade mounting medium and allowed to dry at room temperature overnight.
Digital fluorescence microscopy. Fluorescent imaging of endothelial cell monolayers immunostained for VE-cadherin was performed with an inverted Nikon microscope according to published procedures (23) . For fluorescence observation, the dye in the cells was excited by a 100-W mercury arc lamp. The excitation wavelength was selected with filter cubes appropriate for FITC fluorescence. Fluorescence and differential interference contrast images were recorded for each cell field with a cooled integrating charge-coupled device camera (Imagepoint, Photometrics, Phoenix, AZ).
Experimental Protocols for Mouse Lung Preparations
Effects of Ca 2ϩ chelation on lung wet weight. Lung preparations were equilibrated for 20 min by perfusion with 5% albumin in Krebs buffer to establish isogravimetric conditions. To induce Ca 2ϩ chelation, EDTA was infused into the pulmonary circulation at 0.2 ml/min for 20 min, achieving final perfusate EDTA concentrations of 0.5, 1.0, 2.0, or 2.5 mM (one concentration was used per lung preparation). EDTA administration was followed by a washout period of up to 60 min to replete perfusate Ca 2ϩ and reverse the effects of EDTA. Lung wet weight and pulmonary arterial pressure were continuously monitored in each of the groups (n ϭ 4-5 lungs/group).
Influence of Ca 2ϩ chelation on 125 I-albumin PS product. We determined the changes in pulmonary microvascular protein permeability in mice after Ca 2ϩ chelation using EDTA added to the perfusate. Preparations were first treated with EDTA (0.5, 1.0, or 2.0 mM) for a period of 20 min. Then, the 125 I-BSA PS product was determined (see
125
I-albumin permeability-surface area product measurement). Each group contained four to five lungs.
Influence of Ca 2ϩ chelation on K fc . We determined the lung transvascular water permeability induced by Ca 2ϩ chelation and the reversibility of this effect. After the 20-min equilibration period, we determined a baseline K fc value. In different groups of lung preparations, 0, 0.5, 1.0, or 2.0 mM EDTA was infused into the pulmonary circulation (0.2 ml/min) for 20 min followed by a 60-min washout period. K fc was measured at various times during and after perfusion with EDTA. Each group contained four to five lungs.
Effect of anti-VE-cadherin MAb on pulmonary microvascular liquid permeability. We determined the effects of a MAb directed against an extramembranous epitope of mouse VEcadherin (clone 11D4.1) on the increase in lung microvascular liquid permeability induced by Ca 2ϩ chelation and the reversibility of this effect. After a 20-min equilibration period, a baseline K fc measurement was made. Anti-VE-cadherin MAb (100 g/ml) was added to the recirculating perfusate for 30 min. Then, 2.5 mM EDTA was added to the perfusate for 5-7 min, and a test measurement of K fc was made. EDTA was removed to replete buffer Ca 2ϩ concentration, and a final K fc measurement was made. Each group contained four to five lungs. In additional experiments, the influence of anti-cadherin MAb in the absence of EDTA was also determined. In these experiments, lung preparations were exposed to the MAb for 60 min, during which measurements of K fc were made; control experiments were carried out in an identical fashion except for omission of the MAb or substitution with rat IgG. Each group consisted of four to five lung preparations.
Statistical analysis. Data are expressed as means Ϯ SE. Statistical analysis was performed with two-way analysis of variance and Newman-Keuls test for multiple comparisons. The number of experiments is given in Figs. 1-5 . A value of P Ͻ 0.05 was the criterion for significance. Figure 1 shows staining of mouse lung microvessels for VE-cadherin before and after junctional disaggregation by EDTA treatment. Lungs perfused for 5, 15, and 30 min with 2.0 mM EDTA showed a loss of VE-cadherin staining; the change in staining pattern at 5 min is shown in Fig. 1 . Removal of the Ca 2ϩ chelator from the perfusate resulted in the reappearance of junctional VE-cadherin staining, beginning Ͻ5 min after Ca 2ϩ repletion and progressing to a full restoration of staining within 30 m (Fig. 1) .
RESULTS
Immnunostaining of VE-Cadherin Disassembly and Its Reversal
VE-Cadherin Disassembly Increases Pulmonary Microvessel Permeability and Lung Weight
Results of K fc and 125 I-albumin PS product measurements are shown in Fig. 2 . K fc showed a time-and concentration-dependent increase (Fig. 2A) . The increases in liquid permeability in response to EDTA paralleled those in the 125 I-albumin PS product (Fig.  2B) .
125 I-albumin PS product (measured after 20 min in EDTA) increased significantly in response to 1.0 mM EDTA and was increased further with 2.0 mM EDTA (Fig. 2B) . No significant change in 125 I-albumin PS was observed with the addition of 0.5 mM EDTA (Fig. 2B) .
Perfusion of the microvessels with EDTA (2.0 mM) for 20 min resulted in marked increases in lung wet weight (Fig. 2C) . The increase occurred with a latency of ϳ16 min during the addition of EDTA. After removal of EDTA, lung weight increased thereafter to a value 77% above baseline 70 min after the addition of EDTA. Pulmonary arterial pressure remained unchanged during the period of EDTA application (Table 1 ) and remained stable thereafter. EDTA at a concentration of 0.5 mM did not significantly affect lung wet weight (Fig. 2C) . EDTA at 1.0 mM produced a small but significant increase in lung wet weight above the control value (Fig. 2C) . Infusion of 5% albumin-Krebs containing no EDTA for 20 min had no effect on lung weight and pulmonary arterial pressure (Fig. 2C) .
Reversibility of Increased Pulmonary Microvessel Permeability After VE-Cadherin Reassembly
We observed that repletion of Ca 2ϩ resulted in a rapid reversal of the increased K fc induced by Ca 2ϩ chelation. The reversal occurred after multiple concentrations of EDTA (1-2.5 mM ) were used to disrupt the junctions. Reversibility of the effect of 5-to 7-min applications of 2.5 mM EDTA was complete within 20 min of restoration of normal perfusate Ca 2ϩ concentration (Fig. 3A) . Interestingly, the addition of anti-VEcadherin MAb prevented the reversibility of the EDTAinduced rise in K fc (Fig. 3A) . In addition, the anti-VE-cadherin MAb augmented the increase in K fc induced by removal of Ca 2ϩ from the perfusate (Fig. 3A) . In contrast, rat IgG, used in control experiments, had no significant effect on the EDTA-induced increase in K fc or on its reversibility after Ca 2ϩ repletion (Fig. 3A) . The anti-VE-cadherin MAb alone produced a small but significant increase in K fc compared with that in untreated lung preparations (Fig. 3B) . Fig. 3 . A: reversible increase in K fc induced by EDTA and potentiating effect of an anti-VE-cadherin MAb. Rat IgG or anti-VE-cadherin MAb was administered at a perfusate concentration of 100 g/ml 30 min before EDTA addition. EDTA was administered in the perfusate from 0 to 5 min and then removed. Values are means Ϯ SE; n ϭ 4 preparations/group. Note the reversible effect on K fc of EDTA alone (2.5 mM) or of EDTA in the presence of control IgG. Also note that the MAb directed against an extramembranous VE-cadherin epitope increased the peak effect of EDTA and prevented the reversibility of EDTA. * Significant increase compared with baseline value. ** Significant potentiation by MAb over 5-min control value. B: influence of anti-VE-cadherin MAb (100 g/ml) on K fc compared with control rat IgG (100 g/ml; n ϭ 4 preparations/group). * Significant increase in K fc over control value.
Loss of VE-Cadherin Junctional Assembly and Its Reversibility in Endothelial Monolayers Is Associated With a Reversible Decrease in Transendothelial Electrical Resistance
We used endothelial monolayers to address the redistribution of VE-cadherins during and after adherens junctional disassembly induced by EDTA and its relationship to monolayer permeability as determined by real-time measurement of monolayer electrical resistance. EDTA applied for 20 min produced a concentration-dependent decrease in monolayer resistance (Fig. 4A) . Removal of EDTA (i.e., repletion of Ca 2ϩ ) caused the transendothelial resistance to rise in proportion to the amount of EDTA used to disassemble the junctions in Fig. 4A (Fig. 4B) .
EDTA (2.0 mM) exposure for 5 min or longer caused a complete disappearance of junctional VE-cadherin immunostaining in endothelial monolayers. Diffuse intracellular staining of VE-cadherin (Fig. 5 ) could be detected under these conditions. Repletion of Ca 2ϩ by removal of EDTA caused a reappearance of VE-cadherin immunostaining (Fig. 5) .
DISCUSSION
In the present study, we addressed the effects of the loss of VE-cadherin junctional assembly on microvessel endothelial permeability and the reversal of the loss of barrier function after VE-cadherin junctions were reannealed in the intact mouse lung. We observed that EDTA added to the perfusate increased pulmonary microvascular permeability. A pronounced increase in K fc occurred within 5-7 min of EDTA (2.5 mM) application and was followed some 10-15 min later by barrier breakdown, signified by marked elevations in lung wet weight and 125 I-BSA PS product. We observed that the EDTA-induced rise in K fc was readily reversible as long as EDTA exposure was kept brief enough to avoid frank edema. Thus the perfused mouse lung was shown to be a valid experimental preparation in which the cycle of junctional disassembly and reassembly could be studied. Moreover, the preparation lent itself to correlational immunocytochemical analysis.
To pursue these studies, it was first important to establish the baseline stability of the mouse lung preparation. To do this, we continuously monitored lung wet weight and pulmonary arterial pressure for a 120-min period, and the results showed that the mouse lung remained stable; i.e., the preparations did not gain weight during this period of perfusion and lung ventilation and the perfusion pressure was constant. Typical preparations actually showed a slight weight decrease, probably secondary to evaporative loss of fluid from the lung surface. The stability of the mouse lung preparation makes it a useful model for assessment of microvascular permeability in the intact lung.
The increased K fc in Ca 2ϩ -depleted lung preparations was induced by loss of adherens junctional contacts as evidenced by decreased VE-cadherin immunostaining at the sites of cell-cell junctions. Junctional assembly was reestablished in functional terms within 20 min by restoration of Ca 2ϩ to the perfusate and was associated with morphological reestablishment of the VE-cadherin junctions. A MAb directed against the extramembranous homotypic domain of VE-cadherin prevented the reversibility of the permeability increase. These results indicate that loss of cadherincadherin interaction induced the increase in junctional endothelial permeability and that the response was rapidly reversible. Because junctional reannealing occurred rapidly in intact microvessels, the results suggest that the components of the disassembled cadherin junctional complex remained intact and could be reassembled within minutes. Immunostaining in endothelial cell monolayers revealed that there was a loss of cell surface VE-cadherin staining when the junctions were disrupted with EDTA. The morphological and functional recovery of the disaggregated junctions in endothelial monolayers suggests that intracellularly sequestered VE-cadherin could be recruited to the cell junctions during restoration of adherens junctions.
A proposal has been made that the increased vascular endothelial permeability in response to inflammatory mediators is the result of release of tensile forces generated at the sites of cell-cell and cell-extracellular matrix adhesion (22) . Implicit in this concept is that endothelial cells are held in a state of tension such that the increased paracellular permeability occurs by the temporary loss of junctional integrity or alterations in contact between endothelial cell and extracellular matrix binding sites (such as at the focal adhesion complex) (22) . The present results showing that Ca 2ϩ chelation resulted in rapid VE-cadherin disassembly in vivo, loss of cell-cell interaction (as demonstrated by decreased transendothelial resistance), and increased pulmonary microvascular permeability to liquid and albumin support this hypothesis as a mechanism mediating increased microvascular endothelial permeability. Thus our results support the concept that VEcadherin is a key regulator of endothelial cell permeability. An important finding is that the increase in microvascular permeability can be dynamically regulated in that the response is rapidly reversible. This finding suggests that uncoupled VE-cadherins are sequestered in the cell so that the junctions can be rapidly reannealed on activation by appropriate stimuli. The reversibility of the response does not support the suggestion that there is uncoupling of the cadherins and catenins and internalization of the components of this complex (33) leading to loss of junctional integrity.
In the present study, the increase in pulmonary microvascular permeability and its reversal induced by uncoupling and then recoupling of VE-cadherins was associated with characteristic morphological alterations at the level of interendothelial junctions (16) . We observed that Ca 2ϩ chelation resulted in decreased VE-cadherin immunostaining and that this was associated with increased microvascular 125 I-albumin permeability and K fc . In addition, reversal of the increased permeability induced by repleting the perfusate Ca 2ϩ was associated with the re-forming of the adherens junctions and increased VE-cadherin immunostaining at the junctions. Thus changes in microvessel permeability can be ascribed directly to alterations in VEcadherin junctions. Similar observations were made in cultured endothelial cells in which the loss of VEcadherin staining was coupled to a decrease in transendothelial electrical resistance and the resistance response was reversed with the reassembly of VEcadherins.
We considered whether the opening and closing of endothelial junctions could be regulated by redistribution of VE-cadherins. Because Ca 2ϩ is required for maintenance of the functional conformation of VEcadherins, which is essential for junctional integrity (4), we used an anti-VE-cadherin MAb added to the perfusate to test the concept that the VE-cadherins are redistributed after removal of Ca 2ϩ from the perfusate. Pretreatment with the VE-cadherin MAb significantly increased the EDTA-induced lung wet weight gain and K fc , and, importantly, it prevented the rapid reversal of the increase in capillary permeability on restoring the Ca 2ϩ concentration. We observed that the anti-VE cadherin MAb per se produced only a marginal increase in liquid permeability, suggesting that the epitope was protected from access to the MAb until junctional complexes were dissociated. Brief EDTA exposure that disaggregated junctional complexes arguably could have exposed the binding epitope and allowed the MAb to bind, thus potentiating the permeability-enhancing effect of EDTA and preventing the reversibility of EDTA. These findings are consistent with the observation that intravenous administration of anti-VE-cadherin Ab increased lung microvascular permeability during a more sustained application of 2 h in the sense that unchallenged adherens junctional complexes should be stable relative to those challenged with EDTA (5). Because the anti-VE-cadherin MAb prevented the reversibility of the response, our data suggest that uncoupling of VE-cadherins results in sequestration of VE-cadherin and perhaps other macromolecular constituents of adherens junctions in or near the plasmalemmal membrane so that VE-cadherins can be readily rejoined on restoring Ca 2ϩ concentration. . Digital fluorescence micrographs showing disappearance and reappearance of VEcadherin immunostaining in HUVEC monolayers as a result of Ca 2ϩ depletion and repletion. Rapid loss of VE-cadherin staining (see METH-ODS) was observed within 5 min after addition of EDTA and was persistent; restoration in staining was partial within 40 min after repletion of Ca 2ϩ and complete by 70 min. Time course of recovery was consistent with restoration of electrical resistance (Fig. 4) . Results are typical of 3 experiments. Bar, 25 m.
